Escherichia coli was compared with that of Agl-KA. The productivity of Agl∆UCD was 36 about 4-fold larger than that of Agl-KA after an 8-h induction at 30°C. In the case of 37 induction at 20°C, the productivity of Agl∆UCD was also larger than that of Agl-KA.
Introduction

46
α-1,3-Glucanase (E.C.3.2.1.59), also called mutanase, catalyzes the hydrolysis of 47 α-1,3-glucoside linkages in α-1,3-glucan, which is found as an extracellular polysaccharide 48 produced by oral Streptococci (Yakushiji et al., 1984) and as a cell-wall component of 49 some fungi (Sietsma and Wessel, 1977) . The α-1,3-glucanases are widely distributed 50 among fungi and bacteria, and these enzymes are classified into two families (71 and 87) 51 of glycoside hydrolases (GHs) based on their amino acid sequences, referred to as the 52 Carbohydrate Active enZymes (CAZy) Database (http://www.cazy.org/). GH 71 type 53 α-1,3-glucanases have been found in fungi (Fuglsang et al., 2000; Wei et al., 2001; Dekker 54 et al., 2004; Grün et al., 2006) , and GH 87 enzymes have been isolated from bacteria 55 (Yano et al., 2006; Sumitomo et al., 2007; Hakamada et al., 2008; Shimotsuura et al., 56 2008; Tsumori et al., 2010) . A number of the enzymes were investigated for application 57 in degrading dental plaques (Fuglsang et al., 2000; Hakamada et al., 2008; Ebisu et al., 58 1975; Takehara et al., 1981; Takahashi et al., 1985; Inoue et al., 1988; Matsuda et al., 59 1997; Pleszczynska et al., 2010; Tsumori et al., 2011) .
60
AglΔUCD was eluted with the buffer containing 5% ammonium sulfate. The active 141 fractions were dialyzed against 10 mM Tris-HCl (pH 8.0) and then applied to a 142 DEAE-cellulofine column (3 × 5 cm) equilibrated with 10 mM Tris-HCl (pH 8.0). The 143 column was washed with the buffer, and the enzyme was found in the unadsorbed 144 fractions.
145
Assay for α-1,3-glucanase activity. The activity was determined according to the methods 146 described previously (Suyotha et al., 2013) . One unit of the enzyme was defined as the 147 amount of enzyme releasing 1 µmol of reducing sugar (as glucose) per min.
148
Assay for protoplast-forming activity. Protoplast-forming activity was determined using α-1,3-Glucan-binding assay. The assay was carried out according to the methods 152 described previously (Suyotha et al., 2013) . The amount of bound protein was estimated by 153 subtracting the amount of free protein in the supernatant from the initial amount of protein.
154
The insoluble substrate-binding efficiency was given as the percentage of the initial 155 protein amount, which was used to express the insoluble substrate-binding activity.
156
Thin-layer chromatography. Hydrolytic products by α-1,3-glucanases were analyzed by al., 1951). In the assays of α-1,3-glucan hydrolyzing, determine the optimum temperature, the activity was measured at a temperature in the 180 range 20-70°C for 10 min in 50 mM potassium phosphate buffer (pH 6.5). The thermal 181 stability was determined after treatment of the enzyme at various temperatures for 10 min.
182
Comparison of productivity of AglΔUCD with that of Agl-KA in E. coli. E. coli
183
Rosetta-gami B (DE3) harboring pET-agl or pET-aglΔUCD was inoculated into 5 ml of LB 184 medium containing 100 µg/mL ampicillin, 10 µg/mL chloramphenicol, and 25 µg/mL 185 kanamycin. After incubation at 37°C overnight with shaking, the culture (1 mL) was 186 transferred to 500-mL Erlenmeyer flasks containing 100 mL of LB medium with ampicillin, 187 chloramphenicol, and kanamycin, and the incubation was carried out at 20°C and 30°C.
E. coli cultivated on a rotary shaker (100 rpm/min) until the optical density at 600 nm was 189 about 0.6, and then IPTG was added to the culture at a final concentration of 0.4 mM. Reagents. α-1,3-Glucan was prepared with the method described previously (Suyotha et 198 al., 2013) . Chitinase I and Agl-KA of B. circulans KA-304 were prepared from the 199 cell-free extract of E. coli harboring the plasmids, pET22-chi1 and pET-agl, respectively,
200
according to the methods previously described (Yano et al., 2006; Yano et al., 2005) . Table S1 ). We also purified Agl-KA under the same conditions,
231
and the specific activity of Agl-KA was 3.51 units/mg at that time. 
250
To confirm the role of UCD in the enzymatic activity, kinetic parameters of AglΔUCD
251
and Agl-KA were obtained from Lineweaver-Burk plots ( Supplementary Fig. S1 ). In the 252 previous study, deletion of DS1, CBM6, and DS2 caused an increase of K m , and,
253
consequently, the k cat /K m value of the deletion enzymes decreased (Suyotha et al., 2013) .
254
The K m values for AglΔUCD and Agl-KA were about 4.6 mg/ml and 5.8 mg/ml, 255 respectively ( Subsequently, the reaction products of AglΔUCD and Agl-KA were determined by TLC.
260 Figure 3 shows that no significant difference of products was found between AglΔUCD
261
and Agl-KA. Both enzymes released tetra-, tri-, di-saccharide, and a small amount of 262 glucose.
263
Finally, the effect of pH and temperature on the enzyme activity and stability of 264 AglΔUCD were determined. AglΔUCD was stable over a pH range of 6-9 and more than 265 60% of its activity was retained at pH values 5 and 10 ( Supplementary Fig. S2 ). The 266 optimum pH for the reaction was 8-9. AglΔUCD exhibited its maximum activity at 267 approximately 50°C and retained its complete activity after 10 min of incubation at 50°C
268
( Supplementary Fig. S3 ). These properties of AglΔUCD were similar to those of Agl-KA,
269
suggesting that deletion of UCD from Agl-KA had little effect on the pH and temperature 270 dependence of its reactivity and stability.
272
Heterologous enzyme production of AglΔUCD
273
As described above, the deletion of UCD from Agl-KA hardly influenced the enzyme 274
properties. This finding suggests that the domain structure of Agl-KA is simplified and 275 the molecular weight is reduced by the deletion of UCD, without any decline of enzyme 276 activity.
277
Generally, in heterologous enzyme production, a low-molecular-weight enzyme is more 278 advantageous than a high-molecular-weight enzyme. To clarify the effect of the UCD 279 deletion on enzyme productivity in E. coli, α-1,3-glucanase activity of soluble fractions 280 were measured. When AglΔUCD was induced at 30°C, the total activity increased during the incubation period, and it reached about 10 units after a 12-h induction (Fig. 4A) . In Table S2 ). (N-terminal DS1, following CBM6, TP, DS2, UCD, and a C-terminal catalytic domain).
325
The increase of deletion domains from N-terminus caused the decrease of α-1,3-glucan hydrolyzing, and α-1,3-glucan binding activities. flexibility to both.
334
In this study, we constructed the UCD single deletion enzyme (AglΔUCD) to confirm similarity with those of other characterized α-1,3-glucanases (more than 60% identity).
348
These findings indicate that UCD is conserved with the catalytic domain in GH 87 type for an application use of bacterial α-1,3-glucanase.
352
The heterologous enzyme productivities of AglΔUCD and Agl-KA in E. coli were also 353 compared in this study. When Agl-KA was induced at 30°C, the soluble fraction showed 354 a low α-1,3-glucanase activity (Fig. 4A) . Moreover, the band of Agl-KA in an insoluble 355 fraction was also barely found, as well as in a soluble fraction, by SDS-PAGE (Fig. 6 ).
356
The productivity of Agl-KA in E. coli at 30°C was very low, but the productivity of and so on. The GC contents of Agl-KA is about 54.5% and that of UCD cording legion is 368 about 55.9%. Therefore, the increase of α-1,3-glucanase productivity might be 369 influenced by a reduction of the gene size and of the molecular size of the protein rather 370 than removing the undesirable sequences for expression in E. coli.
371
For a commercial use of α-1,3-glucanase, a large-scale production is necessary, but this 372 is prevented by a complicated enzyme induction condition. In this study, we have shown Biosci. Biotechnol. Biochem., 67, 1976 -1982 Yano, S., Wakayama, M., and Tachiki 
509
TLC was carried out as described in Materials and Methods. Glucose (G1), maltose (G2),
510
and maltotriose (G3) were used as molecular weight markers. Lane; 1, The products of 
515
E. coli cells harboring pET-agl or pET-aglΔUCD were collected from the 100 mL culture.
516
After the cell disruption, the supernatant was adjusted to 10 mL (soluble fraction). The 
